Objective: Childhood obesity is increasingly being recognized as a major public health problem in the Caribbean. The objective of the present study was to evaluate the effectiveness of a short-term, school-based, multi-component education intervention on improving the knowledge, attitudes and behaviour of primary-school children towards better dietary and activity habits. Design: The study was a randomized, controlled, school-based nutrition education and physical activity intervention. Participating schools were randomly assigned to the intervention (IVG) and non-intervention (NIVG) groups. Setting: All primary schools in Sangre Grande, north-east Trinidad. Subjects: Five hundred and seventy-nine pupils in their sixth year of primaryschool education were enrolled from twelve schools in Sangre Grande, north-east Trinidad.
Diseases associated with Westernized lifestyles such as diabetes, CVD, cancers and hypertension are the major causes of illness and death in many countries of the Caribbean (1) . This is in stark contrast to the situation a mere five to six decades ago, where infectious diseases coupled with undernutrition were the most pressing concerns facing the health system (2) . The solution of these initial health concerns necessitated region-wide public health programmes aimed primarily at disease prevention. Health promotion, education, hygiene and vaccination formed the core of many of these programmes. The alacrity of this epidemiological shift from high levels of undernutrition and infectious disease to high levels of overnutrition and chronic non-communicable diseases has caught many regional governments by surprise, and few have been able to stem the increasing economic burden of treating these diseases. This overall pattern of increasing levels of chronic non-communicable diseases may reflect the results of deleterious physiological adaptations to the dramatic changes in the environmental milieu that have accompanied economic development (1, 3) . Most worrying is the fact that the effects of overnutrition are already present in many of the children in the Caribbean. In fact, childhood obesity is rapidly becoming a major issue in the Caribbean (4, 5) . Consumption patterns among many of the region's children reflect high levels of fat, sugar and salt in the diet, and low consumption of traditional foods rich in complex carbohydrates, vegetables and food from plants (6, 7) . Conservative estimates suggest the economic cost of treating and managing obesity and its co-morbid conditions regionally amount to some one billion US dollars per year (8) . As with the initial public health crisis of infectious diseases within the region in the post-colonial era, a major solution to this contemporaneous situation largely depends on creating an enabling environment that fosters the development and inculcation of sustainable health, dietary and lifestyle practices (9, 10) . Nutrition knowledge, attitudes and behaviours learned during childhood have the potential to be sustainable over the individual's lifespan and hence contribute to reduced risk of developing chronic diseases (11, 12) . Evidence to date suggests that school-based curriculum interventions can play an important role in promoting lifelong healthy eating in an environment that is conducive to behavioural change (13) . In addition, the results of randomized trials have suggested that such interventions can have sustainable positive impacts on knowledge, attitudes and behaviours (14) . Moreover, programmes that included appropriate curriculum, physical education, family involvement and an enabling school food environment appeared to have better success rates (15) . In the context of Trinidad and Tobago, the school environment provides excellent opportunities to practise healthy eating, as many of the primary schools have government-sponsored breakfast and lunch programmes. School-based interventions can also serve as entry points for the development or enhancement of policies that can assist in the promotion of healthy schools (16) . Unfortunately, not enough research has been done to identify interventions that can impact positively and address the many facets of the childhood obesity epidemic regionally. One such curriculum-based intervention implemented by the Caribbean Food and Nutrition Institute, 'Project Lifestyle', while successful in achieving behaviour changes, has not been adapted by many governments of the region as it did not address issues of cost, ease of implementation, cultural relevance and adaptability (2) . Before any intervention is adopted, it must address these issues. In the present study we evaluated the efficacy of a short-term multicomponent intervention on dietary practices and related behaviours, as well as its acceptability and the ease of implementation and integration in the current curriculum.
Materials and methods

Population
Sangre Grande, located in north-east Trinidad, is considered rural. Its prime economic activities are centred on agriculture. Results of the mandatory primary schools' National Assessment Examinations suggest that schools in this region of the country obtain marks in numeracy and literacy that are among the lower percentiles nationally.
The majority of students attending these schools are resident within the region. We reasoned that a schoolbased curriculum intervention that is comprehensible to this group would meet the criteria for comprehensibility for those students whose scores are among higher percentiles. We targeted students in the sixth year of primary school, as they would be easily followed up after the transition to secondary school. The questionnaire was designed at a comprehension level that was one reading grade level lower than that of the targeted population.
Study design and sample
The study was a randomized controlled intervention among twelve schools in the district of Sangre Grande which met the criterion for the inclusion of having more than fifteen children in the sixth year. One school was randomly selected from this group, using the SPSS for Windows statistical software package version 11?0?1 (SPSS Inc., Chicago, IL, USA), for pre-testing of the level of comprehension of the original questionnaire. Following this, modifications were made to ensure adequate comprehension of the items. This school took no further part in the study. Of the eleven remaining schools, five were randomly assigned to the intervention group (IVG) and six to the non-intervention group (NIVG) using a table of random numbers. A total of 579 students in their sixth year of primary-school education were recruited and enrolled in the study. All students in the sixth year at each participating school were afforded the opportunity to participate in the study. We estimated that 50 % of participants in the control group would have dietary intakes of fruit and vegetables that would be below the recommended levels. To detect a 30 % reduction with the intervention at 95 % significance level and a power of 90 %, a minimal sample size of 223 participants in each of the IVG and NIVG groups was estimated (17) . Approval for the study was granted by the Ministry of Education, University of the West Indies, and school principals and parents of participants. Figure 1 shows the distribution of participants through the study.
Measurements
Dietary intakes
Dietary pattern was assessed by a modified Block FFQ designed to gain information on consumption patterns of the following foods: fruits, vegetables, snacks high in fats, sugar and salt (HFSS), fried foods and sodas. The dietary intake section of the questionnaire consisted of a list of foods usually consumed at snack times, as well as at main meals. Blank spaces were left to record foods consumed that were not contained in the list. Participants were required to indicate the frequency and amounts of foods from the indexed food groups consumed over the last week. They were also required to indicate whether it was consumed within the last 24 h. To assist in the accuracy of recall, the questionnaire was structured on the typical school day. In addition, participants were presented with standard servings of foods and snacks typically consumed, by having on display pictures and actual standard serving sizes of cooked and raw vegetables, beverages, juices and fruits. The average daily serving for each food group was calculated by dividing the total servings of the food group by seven. The food displays were in typical household measures such as cups and spoons, to which standard serving sizes were assigned.
Physical activity
Participants were questioned on their various types of physical activity for the 7 d preceding participation in the study. The questionnaire followed the normal structure of a school day to assist the participant in recalling. Physical activity both in and out of school was classified into the following categories: low-intensity activity (e.g. reading a book, sitting in class) and moderate-to high-intensity activity (walking, jogging, playing with friends, playing sports). Students also filled out an open-ended question on the average number of hours spent watching television each day of the week preceding participation in the study. This was used to classify persons into two television viewing categories: category 1 (those viewing television for $2 h daily) and category 2 (those viewing television for ,2 h daily).
Curriculum components
The curriculum consisted of lessons on nutrition and physical activity based on Bloom's mastery learning model. The modules incorporated three domains of educational activities: cognitive, affective and psychomotor. The content of the curriculum engaged the students in the learning process with activities and experiences geared towards broadening their interest. Knowledge on the six food groups, sources of nutrients and types of food was evaluated using a basic nutrition test. In activity one, students were required to insert the correct responses in spaces left blank in a paragraph. Activity two required the matching of foods and nutrients, and activity three required students to identify the foods that were high in sugar, salt and fats. Students also took part in activities where they worked in teams to solve comprehension, vocabulary and mathematics questions based on nutritionally related issues. The physical activity component was assessed by the student's ability to follow and instruct their classmates on the different types of exercises and their effects on the body. The physical activity lesson was aimed at increasing energy expenditure both at school and at home. The lesson was taught in class and on the playing field. Simple exercises that lasted for 10 min were used to demonstrate endurance, strength and flexibility activities. These student-led exercise activities were carried out on the school's playing field with the accompaniment of the local music genre, 'Soca'. All activities took into consideration requirements of the normal school curriculum. That is, the modules contained activities that would allow students to fulfil their curriculum mandate of numeracy and literacy. Each module was followed by an assessment that evaluated concept design. Mastery required that 75 % of participants would score 75 % or greater on the assessment of each module. All persons involved in the intervention were trained to administer questionnaires, measure height and weight accurately, prepare serving portions, assess knowledge and understand and apply activities that were part of the intervention. Weekly meetings were held with all persons involved in the implementation of the intervention to solve any problems that may have arisen and to ensure quality of measurements and continued standardization of instructions.
Procedure
The study was conducted from 6 September 2006 to 30 April 2007. The detailed curriculum was developed, validated and approved at the University of the West Indies with input from primary-school curriculum officers of the Ministry of Education. Prior to implementation of the curriculum, the intervention questionnaire was developed and pilot-tested on children (n 95) of similar ages from a randomly selected school in the area under study. All necessary adjustments were made to the instruments and it was retested one month later. Teachers who volunteered underwent extensive training geared at standardization of measurement, and delivery and evaluation of the content of the various modules. Baseline data for all participating schools were collected during the month of October 2006. The intervention was conducted in the IVG schools for one month. On the day of study, each participant had anthropometry measured by health professionals trained specifically for the study. Weight was measured to the nearest 0?1 kg with an electronic weighing scale (model 770; Seca Corp., Hanover, MD, USA), while height was measured to the nearest millimetre with a portable stadiometer (Seca Corp.) with participants standing on a horizontal surface with their bodies fully extended and their heads in the Frankfurt plane (18) . The averages of two readings each for weight and height were used in subsequent analyses. BMI was calculated as weight in kilograms divided by the square of height in metres (kg/m 2 ). BMI was categorized using the Centers for Disease Control and Prevention (CDC) ageand gender-specific cut-off values for overweight (85th percentile # BMI . 95th percentile) and obesity (BMI $ 95th percentile) (19) . All measurements were done with the students in school uniform with shoes removed and pocket contents emptied.
In addition, participants completed the Children's Eating Attitude Test-26 (ChEAT26). This is a twenty-six-item measure that yields a single index of disordered eating attitudes and could provide a measure of participant's feelings and perceptions towards eating (e.g. 'I do not eat when I am hungry'). Participants were required to rate how each question applied to them by selecting 'always', 'very often', 'often', 'sometimes', 'rarely' or 'never'. These were then scored as recommended (20) . Trained personnel were available to assist students where there might have been difficulties in understanding issues on the questionnaire.
The intervention questionnaire was re-administered in all participating schools three months following the end of the intervention. We also asked staff and teachers of the intervention schools and classes to rate several aspects of the intervention. The items were as follows: 
Statistical analysis
The SPSS for Windows statistical software package version 11?0?1 (SPSS Inc., 2001) was used to analyse the data. To assess differences between the intervention and nonintervention groups as well as between baseline and postintervention, the x 2 test was performed for categorical data. For continuous data, the t test was used for normally distributed variables and the Mann-Whitney test was used when variables were not normally distributed. We then conducted multivariate linear and logistic regression analyses to assess the effect of the intervention. For each analysis, the change in the variable from baseline to postintervention was entered as the dependent variable. Age, BMI, gender and the baseline value of the change variable were entered as independent variables.
Results
Five hundred and seventy-nine (280 in the IVG and 299 in the NIVG) students were enrolled in the study. Table 1 shows the characteristics of participants. Participants in the NIVG were significantly older, taller and had higher mean BMI than their counterparts in the IVG. In addition, a significantly higher proportion of them had BMI $ 85th percentile of the CDC age-and gender-specific reference.
Approximately 23 % of participants had BMI $ 85th percentile of the CDC age-and gender-specific reference. There were significantly higher percentages of Christians and Hindus in the NIVG and IVG, respectively. Table 2 shows knowledge, attitudes to eating and intakes of fruit and vegetables at baseline and post-intervention by group status. At baseline, a significantly higher proportion of persons in the NIVG than the IVG reported fruit and vegetable consumption levels $2 servings/d. There were no significant differences in the proportion of persons reporting fruit and vegetable consumption levels $2 servings/d between the IVG and the NIVG post-intervention. The intervention resulted in a significant change in the proportion of persons within the IVG reporting fruit consumption levels $2 servings/d. Compared with the persons in the IVG, there was a reduction in the proportion of persons in the NIVG consuming $2 servings of vegetables daily; however, this was not statistically significant (P 5 0?06). Notwithstanding, there was a significantly greater absolute change in the proportion of persons reporting vegetable consumption within the past 24 h at the post-intervention assessment in the IVG than the NIVG. Persons in the IVG had on average significantly larger changes in their knowledge scores than participants in the NIVG. Participants in the IVG had significantly lower ChEAT26 scores than their counterparts in the NIVG from baseline to the post-intervention assessment. However, both groups experienced a similar reduction in their ChEAT26 scores from baseline to the post-intervention assessment. Table 3 shows the pattern of consumption of fried foods, HFSS foods and sodas at baseline and post-intervention by group status. Participants in the IVG reported significantly higher mean intakes of sodas than those in the NIVG at baseline. While there was no significant difference in mean weekly soda consumption between the groups post-intervention, participants in the NIVG doubled their mean weekly intake of soda over the period of the study (P , 0?01). There was a significant decline in the proportion of persons consuming soda in the 24 h preceding the post-intervention data collection in the IVG. On the other hand, there was a significant increase in the proportion of persons consuming soda in the 24 h preceding the post-intervention data collection in the NIVG.
Average reported daily servings of fried foods were significantly lower in the IVG than the NIVG. In addition, there was a significant decline in reported fried food intake in the IVG at the post-intervention assessment compared with baseline. Finally, there was a significant increase (112?0 %; P , 0?01) and decline (226?0 %; P , 0?01) in the proportion of persons reporting participation in regular moderate-to-high-intensity activity at school at least 3 times per week in the IVG and NIVG, respectively (Table 4) . Also, there was a significant increase in the proportion of participants reporting television viewing for $2 h daily relative to baseline in the NIVG only (123?0 %; P , 0.01). Table 5 shows the results of multivariate analyses. In multivariate regression equations controlling for age, gender, BMI and baseline value, intervention was significantly associated with lower intake levels of fried foods, sodas, HFSS foods and higher knowledge scores. Intervention was not significantly associated with fruit and vegetable intakes, physical activity and ChEAT26 scores after controlling for age, gender, BMI and the relevant baseline values. Further adjusting for ethnicity did not change these findings.
Teachers' and principals' rating of the intervention On the issues of quality of course material, clarity of delivery of course material, course content, quality of Table 3 Pattern of consumption of soda, fried foods and HFSS foods at baseline (B) and post-intervention (P) by group status: pupils in sixth year of primary-school education enrolled from schools in Sangre Grande, north-east Trinidad, 2006-7 activities, reported student impression of the course material and overall opinion of the study unit, teachers and principals in the intervention schools gave ratings of very good. They were of the opinion that the intervention did not affect the regular scheduling of classes. They also felt that nutrition education should be a part of the school curriculum. Some felt that it was time to reintroduce the school nurse, or someone trained to deal with the many nutrition issues that arise, in the primary school setting.
Discussion
In the present study, the effectiveness of a short-term, school-based, multi-component education intervention on improving the knowledge, attitudes and behaviour of primary-school children towards better dietary and activity habits was evaluated. The results suggest that the intervention resulted in significantly lower reported intakes of sodas, fried foods and HFSS foods after controlling for age, gender, BMI and baseline intakes of these foods. The intervention had no impact on fruit and vegetable intakes after controlling for age, gender, BMI and baseline intakes of these foods. Such variations in findings by food group have been demonstrated in other studies (21) (22) (23) . These findings suggest that the mechanisms influencing changes in the consumption of these foods might be different (24) (25) (26) . They might also suggest the need to take into consideration the environmental context in which food consumption occurs in designing effective interventions (27) (28) (29) . Most of the participants in the current study were enrolled in the National School-feeding Programme. This programme attempts to provide participants with one-third of their daily dietary requirements. It is not uncommon to find vegetables remaining after consumption of these meals. While such programmes are well poised to make healthy choices of fruit and vegetables a regular part of the built environment at school, the home environment in which healthy eating behaviours are fostered is crucial to sustaining the appropriate behaviour changes (30) (31) (32) . Our intervention was quite successful in improving the children's knowledge and awareness on issues related to nutrition and physical activity. This is consistent with the findings of other studies and suggests that our intervention may be applicable to our entire primary-school population (21, 33, 34) . The fact that schools in the study region are in the lower percentiles of the standard school assessment examinations conducted by the Ministry of Education of Trinidad and Tobago, suggests that this intervention can significantly improve knowledge among students in the better performing percentiles. The limited contact hours with participants suggests that even short exposure in a well-designed and culturally relevant school-based intervention can result in significant increases in knowledge and awareness among children in a cost-effective manner (34) . Our post-intervention evaluation of the curriculum with teachers and principals of all the intervention schools suggests that the intervention was successful and they were eager to include it as part of the primary-school curriculum. They were quite impressed with the ease of implementation and the minimal disruption to the already packed curriculum. Students enjoyed the myriad of interactive activities that were part of the curriculum. Students also had the opportunity to contribute to the learning process by sharing their views on particular topics. Group activities as well as individual assignments were carried out during the sessions and students were encouraged to share with the class their reflections of the lessons learnt. A reward system was used to keep students motivated throughout the sessions. All students were presented with tokens for participating in the exercise while top students were rewarded with a special prize. Mastery was set at 75 % for the evaluation of classroom activities. Overall, 65 % of the students were able to achieve mastery of the modules. This suggests that the mechanism underlying behaviour changes in this population goes beyond issues associated with knowledge and awareness. Our results suggest that the intervention had no significant impact on physical activity level when age, BMI, gender and baseline level of physical activity were taken into consideration. This is consistent with the findings of other studies, which suggest an overall failure of schooland curriculum-based intervention aimed at sustainable increases in physical activity in childhood (35) . Clearly, there is an urgent need to evaluate different types of interventions in our population in order to identify those that are effective in increasing participation in physical activity among our children. In this regard, interventions should contain components that are family-and primarybased as these types of intervention have had moderate success rates (36) . Although the findings suggest that the intervention effected behavioural changes, the true impact of the intervention in question can only be gauged by long-term follow-up. The study was conducted in one area of the country that may not be representative of the general population. Moreover, intakes and physical activity were self-reported and therefore subject to recall biases. Given these potential sources of error the results should be interpreted with caution.
Conclusion
The intervention was associated with lower intake levels of fried foods, HFSS foods and soda after controlling for age, gender, BMI and the appropriate baseline value. It also resulted in greater knowledge and awareness on issues related to nutrition and physical activity. Finally, the intervention was associated with changes in physical activity behaviours in multivariate analyses.
